PRATE 3
The almost insignificant volume of a cell or tissue that is included in a thin section, as well as the small number of cells that can be made available for examination in the electron microscope, makes it desirable to have techniques that would permit the serial sectioning, in a known plane, of specific regions of optically selected individual cells or small portions of a tissue. Such techniques would not only make possible three-dimensional reconstructions of fine structure but would also eliminate the tedious examination of large numbers of sections that is now required for adequate study of many histological or cytological details. The ability of the Porter-Blum microtome (1) to cut long ribbons of thin sections of relatively uniform thickness (250 to 500 A) has stimulated the development of techniques for deliberately mounting ribbons of serial sections for examination in the electron microscope. Williams and Kallman (2) and Gay and Anderson (3), working independently at opposite sides of this country, have devised adequate methods for mounting serial sections. In this report, a technique is described for the sectioning of a single optically selected cell in a colony of cells grown in vitro, with precise knowledge of the plane of sectioning and positive identification of the region of the cell included in the sections. Modifications of this technique extending its usefulness to many other types of specimen are also described.
Procedure
Colonies of cells grown in drilled slides are fixed and embedded according to the general method described by Borysko and Sapranauskas (4), with the important modification involving high temperature polymerization reported in the previous paper (5) . After removing the coverslips, 1 the fiat embeddings are cut into rectangular blocks, each containing a colony fig. 1A . An embedded colony is clamped in the specimen holder of a Servall microtorne, using a wooden adaptor consisting of two halves of a short length of ~ inch dowel rod that had been cut lengthwise with a hacksaw blade (Text- fig. 1B ). The specimen holder is then mounted on a rotating-stage, compound microscope by means of the simple device shown diagrammatically in Text- fig. 1C . This holds the specimen firmly so that it can be trimmed accurately with a fragment of razor blade cemented in the split end of a probe which, in turn, is held in a modified Emerson micromanipulator. In practice, the colony is first examined in a phase contrast microscope and the location of the desired cell is noted. The proximity of the cells to the rough surface of the embedding medium has an adverse optical effect. To obtain good phase contrast, it is necessary to mount the embedding between two coverslips in a drop of fluid with a refractive index approximating that of the methacrylate. Clear Karo (corn) syrup is excellent for this purpose. If a predetermined orientation of the plane of sectioning through the cell is desired, the rectangular shape shown in Text-fig. IA is cut so that the end of the block is parallel to the desired plane of sectioning.
After establishing the location of the cell in the colony, the embedding is mounted on the trimming rmcroscope with the surface containing the colony uppermost (Text-fig. 1C ). Rough trimming is done while the block is observed at a magnification of about 30. Since the cutting motion of the blade is limited to one direction, cuts at various angles through the embedding are made by rotating the stage of the microscope until the long axis of the block lies at the desired angle relative to the direction of motion of the cutting tool. The embedding is trimmed so that the cell appears in a small triangle projecting from the end of the block (Text- fig. 1D and Fig. 1 ). Fine trimming to within a few micra of the cell is done while observing with a 100 magnification. The embedding is then rotated through about 85 ° and The trimmed embedding is mounted in the microtome with the side containing the cell positioned at right angles to the cutting edge. As they are cut, the sections form a ribbon, one edge of which is serrated while the other is straight (Text-fig. 1F ). The straight edge serves as a marker for the portion of the ribbon containing the cell. This is of great importance when the ribbons are to be mounted serially on slot-type grids.
Before sectioning, the trimmed block is mounted in Karo syrup between two coverslips and phase contrast photomicrographs are made showing details in a number of focal planes. When a reasonable number of sections have been cut and mounted, the cell is examined again with phase contrast and the portion of the cell included in the sections is noted on the original photomicrographs. This process of sectioning and examination is repeated as often as is necessary to obtain the desired information. Thus, the investigator knows in advance the identity of the cell, the plane of sectioning through the cell, and the optically identifiable structures he will find on any particular grid mount of thin sections.
To apply these techniques to other types of specimens, all that is required is that fiat molds be used for embedding. The mold may consist simply of a drilled slide placed on a sheet of aluminum foil. Several monomer-impregnated bits of tissue are placed in the opening of the dri]led slide, the opening is filled with partially polymerized methacrylate and then covered with a second sheet of aluminum foil to prevent contact between the methacrylate and air (Text- fig. 2A and B) . Polymerization is carried to completion in the usual manner. If drilled slides are not available, a fiat mold can be made by cutting a hole in a firm piece of cardboard 1 to 2 mm. in thickness. A sheet of aluminum foil is then placed over the cardboard and pressed into the hole with a wad of cotton, forming a small dish with a fiat bottom in which the specimens can be embedded ~ (Text-fig. 2C ).
After the methacrylate has polymerized to hardness, the aluminum foil is stripped off and rectangu]ar blocks are cut out with the specimen at one end as previously described for tissue culture cells, keeping in mind that the plane of sectioning will be parallel to the end of the block. Thus, if cross-sections of specimens with axial symmetry (seminiferous tubules, striated muscle, etc.) are required, the block can be cut so that the long axis of the specimen lies at right angles to the end of the block (Text-fig. 219 ). If any portion of the specimen will yield the desired information, the end of the block can be trimmed freehand to a small pyramid containing the tissue. However, if a particular portion of the specimen is required, the more accurate method of trimming described for tissue culture cells can be used and photographic records made to serve as a guide when examining thin sections in the electron microscope (Figs. 3 and 4) .
Flat embeddings of bits of tissues have a number of advantages over the older method of using gelatin capsules as embedding molds. Ten or more pieces of tissue may be embedded in a single mold, eliminating the tedium of handling ten separate gelatin capsules. Once embedded, the specimens can be readily examined with a microscope, the block can be trimmed in a manner that ensures proper orientation of the plane of sectioning, and photographic records of the appearance of the embedded specimens can be made. In our laboratory, flat embeddings have been used routinely for almost two years because of their greater convenience and general versatility as compared to gelatin capsules. 
